Background: There is wide variation in clinical presentation and outcome of lupus nephritis (LN) among different ethnic groups. Few data for LN exist on North Africans, especially those from Morocco. The aim of our study was to review retrospectively the features and outcome of LN in Moroccan patients.
Introduction
Nephritis is one of the most severe complications of systematic lupus erythematosus (SLE). 1 Up to 60% of adults and 80% of children with SLE develop lupus nephritis (LN). 2 The clinical presentation of kidney involvement is highly variable, ranging from mild asymptomatic proteinuria to rapidly progressive glomerulonephritis. Biological features generally include varying degrees of glomerular involvement with proteinuria that is nephrotic in up to 65% of cases, as well as hematuria with red-cell casts and/or acute renal failure. 1 Diffuse proliferative LN is the most common histological variant. Furthermore, it has the worst prognosis, with a reported 17% 5-year survival without treatment. 3 Progress in immunosuppressive therapy has improved renal and global survival. Five-year patient survival was approximately 55% in 1970 versus up to 80% a decade later, 4 and currently the 5-year survival rate reaches about 90%. 3 Prognostic factors of renal involvement include demographic (age, sex, race), genetic and immunological features (anti double-stranded DNA [dsDNA] , anti-C1q, antiphospholipid antibodies), histopathological findings, clinical and laboratory signs (high serum creatinine, nephrotic syndrome, hypertension), and are affected also by treatment regimens and patient compliance.
In Morocco, no data describing LN have been published previously. In order to make a clear picture, we reviewed retrospectively 114 cases of LN followed in our unit between 2001 and 2010. The aim of our study was to analyze the clinical and histological features of patients with LN and to evaluate the outcome of LN with special regards to proliferative and membranous forms.
Subjects and methods
Between January 2001 and December 2010, 114 cases of LN were diagnosed, treated, and followed up by the Department of Nephrology, Dialysis, and Renal Transplantation, Ibn Sina University Hospital, Rabat, Morocco. All patients included in this single-center retrospective analysis fulfilled at least four of the revised American Rheumatism Association criteria for SLE. 6 LN was defined as positive proteinuria (persistent proteinuria of greater than 0.5 g per day) and/or active urinary sediment (hematuria) and/or presence of renal failure (increase in serum creatinine of more than 1.5 mg/dL). Renal biopsies were performed in 96 patients. Eighteen did not have biopsy, mainly because of death or contraindications. Histological findings were classified according to the International Society of Nephrology/Renal Pathology Society 2003 classification of lupus nephritis. 7 All biopsies performed before 2004 were reviewed by our pathologist and reclassified according to the new classification.
Analyzed parameters included: (1) demographic data -age, sex; (2) clinical signs -blood pressure and American Rheumatism Association criteria; (3) biological parameters -serum creatinine, urinalysis (proteinuria and hematuria), antibodies against dsDNA, antiphospholipid antibody (lupus anticoagulant, anticardiolipin antibody), complement components C3 and C4; (4) immunosuppressive therapy; and (5) outcomes -remission, relapse, end-stage renal disease (ESRD), and death.
ESRD was defined as a need for chronic dialysis or kidney transplantation. Hypertension was defined as blood pressure superior to 140/90 mmHg or the use of any antihypertensive medications. We adopted outcome criteria for LN as defined by Boumpas: 8 • Complete remission was defined as stabilization or improvement in renal function, resolution of urinesediment abnormalities (absence of hematuria or cellular cast), proteinuria ,1 g/day and normalization of complement C3 for at least 6 months.
• Partial remission was def ined as stabilization or improvement in renal function, decrease of more than 50% in hematuria and significant change in proteinuria ($50% decrease if baseline nephrotic syndrome, but to less than 3 g/day, #1 g/day if baseline nonnephrotic) for at least 6 months.
• Relapse was def ined as increase in 24-hour proteinuria .2 g/day or doubling if .3.5 g/day after response and/or activity increase in urine sediment and/or increase in serum creatinine. All relapses were documented by a renal biopsy.
The therapeutic protocol that we used in our patients was as follows. All patients with proliferative classes as well as class V LN received a 3-day pulse of methylprednisolone, followed by oral prednisone (1 mg/kg/day). Prednisone was tapered progressively in order to reach 10 mg/day 6 months after the beginning of the treatment. Immunosuppressive treatment consisted of six monthly pulses of intravenous (IV) cyclophosphamide (CYC; 500-1000 mg/month) as induction of renal remission. Maintenance therapy consisted of six trimonthly pulses of IV CYC or oral mycophenolate mofetil (MMF; 2-3 g/day) or oral azathioprine (AZA) 100 mg/day for 2 years, as well as oral corticosteroid (CS) therapy. Oral steroid therapy was never stopped during follow-up. Thus, our patients remained at a steroid dosage of 5-10 mg daily.
Follow up procedures in our unit were as follows. During induction treatment, the patients were seen monthly with a physical and biological assessment prior to CYC pulse. During and after maintenance treatment, patients were seen each trimester. They underwent a physical examination as well as biological tests. Patients presenting with a complication during follow-up were managed in the emergency room of our unit.
The statistical package SPSS 17.0 (IBM, Armonk, NY, USA) was used to analyze sample data. Means ± standard deviations were used for descriptive analysis. Survival curves were drawn using the Kaplan-Meier estimate. Univariate analysis was used to investigate the prognostic value of continuous and binary variables.
Results
Patients were 29.89 ± 9.8 (10-65) years of age at first presentation. There were 101 females (88.6%) and 13 males (11.4%), making a sex ratio of 7.76:1. Initial presentation of SLE in the present work was mostly with joint and skin manifestations in 85% and 74%, respectively. Time between diagnosis of SLE and the onset of renal disease was 9.7 ± 3.6 months. At admission, 75.4% of the patients submit your manuscript | www.dovepress.com
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presented with LN at the diagnosis of lupus. Also, all the reported initial LN flares in this study were the first ones that occurred in our patients.
Moreover, at presentation, 38 (33.3%) of our patients had hypertension. Hematuria was seen in 87 (76.3%) patients. Nephrotic syndrome was found in 60 patients (52.6%) and renal failure in 68 patients (59.6%). Seventeen (14.9%) patients required acute renal replacement therapy. Low components of complement C3 and C4 were seen in 71.9% and 65.5%, respectively. Anti-dsDNA antibody was present in 65.7% of patients. Other clinical signs are summarized in Table 1 .
Of 96 patients in whom renal biopsy was performed, three (3.1%) had LN class I, two (2%) class II, ten (10.4%) class III, sixty (62.5%) class IV, eight (8.3%) class V, and three (3.1%) class VI. Ten (10.4%) patients had combined classes (eight patients had class V combined with class IV, and two others had class V combined with class III). It is important to note that all proliferative LN classes showed signs of activity in our series.
Mean follow-up was 22.63 ± 19.47 (6-72) months. Two patients were lost to view before initial immunosuppressive therapy; therefore, they were not included in further analysis. Remissions occurred in 51 (45.53%) patients. Forty-two of them (82.35%) relapsed at least once ( Figure 1 ).
At 6 months, 66% of our patients achieved remission ( Figure 2 ). Of all patients, 24 (21.42%) progressed to ESRD, and 18 (16.07%) died because of infectious complications in ten patients, severe neurologic state in four and acute cardiovascular events in four patients (Table 2) .
Subgroup analysis of patients with active proliferative LN classes
Proliferative classes were present in 80 (70.17%) patients. Class III occurred in ten patients, class IV in 60 patients, and combined classes in ten (10.4%) patients. Seventy patients were female and ten were male. Mean age was 31.1 ± 8.55 (16-52) years. Nephrotic syndrome was present in 61 (76.2%) patients, active urinary sediment in 63 (78.7%), renal failure in 55 (68.7%) with mean serum creatinine of 4.46 mg/dL, and hypertension in 35 (43.7%).
All patients with proliferative classes received a 3-day pulse of methylprednisolone followed by oral prednisone (1 mg/kg/day) and six monthly pulses of IV CYC (500-1000 mg/month) as induction of renal remission. Maintenance therapy was six trimonthly pulses of IV CYC in 55 patients (68.75%), 2 years of 100 mg/day AZA in 17 patients (21.25%) or 2 g/day of MMF in two patients (2,5%), as well as CS therapy. 
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Remission was noted in 32 (40%) patients. Complete and partial remission were observed in 21 patients (26.25%) and eleven patients (13.75%), respectively. Forty-seven of our LN active proliferative class patients (58.75%) relapsed. At the end of the follow-up, the total number of patients who progressed to ESRD was 19 (23.75%). During the follow-up, 11 (13.75%) patients died.
Subgroup analysis of patients with class V disease stage
Eight (7%) patients with mean age of 28.1 ± 10 (14-43) years had membranous LN. At the time of biopsy, six (75%) of them had nephrotic syndrome with mean proteinuria of 3.8 ± 2.24 g/day. Only three (37.5%) had hematuria, while hypertension was seen in one (12.5%) patient. Renal failure was present in three (37.5%) patients, with mean serum creatinine of 1.68 ± 1.35 mg/dL. Another feature of class V was a high frequency of negative anti-dsDNA antibodies (75%). For induction of renal remission, all patients except one received pulses of methylprednisolone followed by oral prednisone at 1 mg/kg/day on a regressive regimen. Four patients had six monthly pulses of IV CYC (500-1000 mg/month). As maintenance therapy, three of them had six trimonthly pulses of IV CYC and one patient had AZA 100 mg/day.
Four patients (50%) had remission. Relapse occurred in three. At the end of the follow-up, one patient developed ESRD and another died because of a neurologic complication.
In our study, 3% of our patients developed ESRD at 1 year and 15% at 5 years. Global survival was 84.5% at 1 year and 76% at 5 years ( Figures 3 and 4) . Among the clinical features at presentation that were associated with occurrence of ESRD or death were short mean time between SLE and LN (P = 0.04), renal failure at admission (P = 0.01), and anemia (P = 0.03) ( Table 3) .
Regarding our patients' treatment, induction therapy was based on CYC in all cases. For maintenance treatment, most of our patients received trimonthly pulses of CYC, while AZA and MMF were used in 13.75% and 25%, respectively. Also, maintenance treatment duration did not exceed 2 years in any cases. Moreover, antimalarial drugs were used in only 8.7% of patients.
Discussion
This is the first published study describing LN in Morocco. It was performed on a cohort of 114 patients followed up in a single center. The Moroccan population has arisen from a great intermingling of different populations throughout history, mainly composed of Caucasians (Berbers and Arabs) and black Africans. In fact, according to the European Journal of Human Genetics, Moroccans from northwestern Africa are genetically closer to Iberians and other South Europeans than to Middle Easterners or sub-Saharan Africans. 9 LN has been described in various ethnic groups, including Caucasians, Asians, Latinos, and black Africans, 10 but little literature exists on LN features in North African patients, in particular All patients met the American Rheumatism Association criteria for SLE classification. Systemic manifestations in this work did not differ from what was observed in other studies, with predominance of joint and skin manifestations in 85% and 74%, respectively. Chrysochou et al 11 reported a frequency of 80% and 62%, respectively. Renal manifestations in this study were marked by a high frequency of renal failure, nephrotic syndrome, hematuria, and hypertension. Similar results were seen in most studies, [11] [12] [13] [14] especially in the Tunisian cohort of Beji et al 13 (Table 4) . Time between diagnosis of SLE and onset of renal disease was 9.7 months. This interval is very short compared to the 3 years observed in the study of Mok et al, 15 between 3 and 4.4 years in the study of Brugos et al, 16 and 4 years in the study of Chrysochou et al. 11 Most studies with LN were performed according to the 1995 World Health Organization classification. In these studies, 13, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] proliferative classes (particularly class IV) were predominant, occurring in up to 70% of patients. Our work was based on the 2003 International Society of Nephrology/ Renal Pathology Society classification of LN, but our findings are consistent with what was observed in previous studies. First, proliferative classes remain the most common form of LN. Second, we described a higher frequency of membranous glomerulonephritis similar to that published when combined classes are included, except in the Senegalese study, 23 where class V was the most dominant form of LN, observed in more than half of patients. Third, we noted 15.7% of biopsies not done. Brugos et al 16 reported a similar result with a percentage of 17.9% (Table 5) .
Combination CS and CYC administered either traditionally (monthly IV CYC) or in a modified regimen (smaller doses of CYC given at fortnightly intervals over a shortened treatment duration (Euro-lupus) can induce a complete or partial remission in more than 80% of patients with proliferative lupus nephritis (PLN). 27 AZA and MMF emerged recently as a good alternative to CYC, especially as maintenance treatment. 27 However, remission was recently reported to vary from 30% to 81%. 28 Also, the incidence of LN flares varies in different studies between 27% and 66%. 8 The discrepancies obtained from various studies can be attributed easily to (1) a difference in definitions, (2) racial and environmental differences between the groups of patients studied, and (3) disparities on treatment regimens. In our study, most patients with PLN had IV CYC administered monthly as induction and trimonthly as maintenance treatment because of efficacy and low cost. Remission occurred in less than half of cases, 60% of them relapsed at least once, 21% of patients progressed to ESRD, and 16% died. Similar results were reported by Beji et al: 13 of the 211 LN cases followed up for 103 months, remission was obtained in 55.3%, relapses occurred in 51% of cases, 14.7% progressed to ESRD, and death was noted in 16.63%.
In our study, it appears clear that LN in our population was particularly severe, compared with other published data. 29 A number of factors may account for such a poor prognosis. Most lupus nephritis patients presented at our nephrology unit with severe clinical and biological features. At admission, 38 (33.3%) patients had hypertension. Hematuria was seen in 87 (76.3%) patients. Nephrotic syndrome was found in 60 patients (52.6%) and renal failure in 68 patients (59.6%). Seventeen (14.9%) required acute renal replacement therapy. Furthermore, renal biopsy at admission showed mostly proliferative lupus classes: 10.4% class III, 62.5% class IV, and 10.4% of patients had combined classes (III + V and IV + V). The severity of this disease in our patients cannot be related to race or ethnicity, since it has been recently established that Moroccans are genetically closer to Iberians and other Southern Europeans than to Middle Easterners or sub-Saharan Africans. 9 Besides, LN in Southern Europeans is less severe than that found in our series. 29 In fact, low remissions and high relapses in our context are mainly due to irregular follow-up, not allowing for correct surveillance in most cases. The low economic background of 57% of our patients probably plays a determining role in this condition, as most patients came from regions of the country in which there are no nephrologists in the local hospitals. Thus, they were referred to our university hospital for specialized care. In many cases, poverty and distance discourage patients from attending their consultation appointments. Eighty percent of patients were lost to view at 5 years, reflecting the short follow-up period, which was a major limitation in our study. The economic and socioeconomic background as well as the poor level of education encountered in most LN patients in our series might affect patients' adherence to treatment, though this issue wasn't evaluated in this study. Nonetheless, low compliance with prescribed treatments is highly suspected by medical staff and seldom admitted by patients. Therefore, the use of CYC pulses is a way to improve therapeutic compliance.
On the other hand, the high rate of relapse in our series may be explained by the maintenance-treatment regimen, submit your manuscript | www.dovepress.com Dovepress Dovepress mostly based on trimonthly 2-year CYC pulses. The main cause of death in LN patients is overtreatment, which may lead to life-threatening morbidity principally represented by severe infection. 29 In our study, death was mostly due to infectious complications.
In our opinion, improvement in LN outcome in our country cannot be achieved without a thorough improvement of our health system. Bringing health structures closer to patients and training more doctors, especially nephrologists, throughout the country would help in diagnosing lupus at an early stage and perhaps help in preventing the development of some of its most devastating complications, such as nephritis. Besides, the generalization of health insurance among the Moroccan population can also play an undeniable role in allowing treatment continuance, especially in lowincome patients. Furthermore, the use of MMF or AZA as a maintenance therapy should be used on a larger scale in our patients, since these drugs are currently recommended. 30 Moreover, a longer maintenance-therapy period would also help in preventing relapses, although to date there is still no available adequate data regarding when maintenance treatment can be withdrawn. 30 
Conclusion
This study represents the first report concerning LN in Morocco. Symptoms, histological findings, and outcomes were similar to those of non-Caucasian series. Our results revealed severe LN with predominance of proliferative forms and severe renal manifestations with poor renal and overall survival.
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